. These values may be underestimated by 5-25% because of the contribution of atmospheric CO2 to the surface layer through gas exchange. Export of carbon from the surface to depth was at least 55-60% of NCP rates.
Introduction
The Southern Ocean has an important role in the global carbon cycle since much of the global oceanic uptake of atmospheric CO2 occurs in this area [e.g., Tans Takahashi, unpublished data, 1994) . Comparison between direct surface pCO 2 and calculated measurements indicated that the uncertainty associated with calculating pCO 2 was _+5-10/xatm. All TCO 2 and alkalinity data are reported in Tables 1 and 2 . Nutrient, temperature, and salinity data used here were reported previously [Gordon et al., 1996a, b] .
Methods
Seawater samples were collected for TCO 2 and alkalinity analyses during two cruises to the Ross Sea polynya in 1994 and 1995-1996 aboard the RVIB Nathaniel B. Palmer. On the first cruise (NBP 94-6) from November to December 1994, 28 surface stations were sampled in the Ross Sea. The dates of two transects along 76ø30'S from 175øW to 168øE were November 14-16 and December 2-6 (Figure 1 ), which we refer to as transect 1 and transect 2, respectively. On the second cruise (NBP 95-8) from December 1995 to January 1996, 36 surface stations were sampled during three repeat transects along 76ø30'S from 171øW to 163øE. The dates of the transects were (Figures 3b and 3d) . Several weeks later (transect 2), surface thermohaline conditions were similar to transect 1, but open water conditions were present. P. antarctica dominated the phytoplankton assemblage, and chlorophyll a concentrations and primary production rates were higher [Smith and Gordon, 1997] . Differences between both data sets probably relate to differences in the calibration of acids used in the titration of seawater to determine alkalinity. Alkalinity-TCO2 relationships can be used to determine whether the causes of variability of alkalinity and TCO 2 are due to processes such as photosynthesis/respiration or calcium carbonate production/dissolution. First, alkalinity and TCO 2 are normalized to a constant salinity to remove variability associated with salinity effects. Photosynthesis and respiration change TCO 2 but not alkalinity (see Figure 4d ). Calcium carbonate production/dissolution changes both TCO 2 and alkalinity in a ratio between 1:1 and 1:2 depending on the ratio of organic carbon production to calcium carbonate production [Robertson et al., 1994] . In Figure 4c , alkalinity variability is small (---10/xmol kg -•) compared to TCO 2 variability (---150 /xmol kg-•). This pattern indicates that photosynthesis/ respiration, rather than calcium carbonate production/ dissolution, controls TCO 2 variability. This agrees with previous observations of a general lack of calcifying organisms in the Southern Ocean waters [Honjo, 1991] Several important considerations and assumptions have been taken into account. We assumed that changes in the concentrations of TCO 2 and nitrate+nitrite result primarily from net community production (NCP). We also took other processes such as vertical and horizontal transport, salinity changes, calcium carbonate production, and air-sea gas exchange into consideration. We assumed that vertical entrainment of TCO 2 and nitrate+nitrite into the surface layer was not quantitatively important during the period between sampling. The transect data chosen (transects 1 and 2 (1994) and 3 and 4 (1995-1996)) represent periods when the mixed layer was generally shoaling or stable. Furthermore, our integration of the nitrate+nitrite deficit to 150 m accounts for any potential vertical redistribution of TCO 2 and nitrate+nitrite due to mixing, despite a fluctuation of mixed layers from -20 to 60 m.
It was more difficult to account for the effect of horizontal transport of waters. We calculated a mean NCP across the polynya which should integrate the contribution of mesoscale variability and horizontal transport in the polynya. Since the period between repeat transects was short (19 and 8.5 days), we assumed that horizontal transport had limited influence on geochemical stocks of TCO 2 and nitrate+nitrite. Jaeger et al.
[1996] reported mean flow rates of 1.8-4.1 cm s -• (1.5-3.5 km Mean surface NCP was calculated from changes in normalized TCO 2 (nTCO2) between repeat transects along 76ø30'S. For each transect, a mean nTCO2 was calculated along the line by linear interpolation between stations. The nTCO2 data at each station were calculated from nTCO2:nitrate+nitrite relationships shown in Figure 5d . Mean depth-integrated NCP was calculated from changes in nitrate+nitrite between repeat transects along 76ø30'S. Integrated nitrate+nitrite deficit in the upper 0-150 m was estimated by subtracting observed nitrate+nitrite from a mean winter source water (150 m) nitrate+nitrite value (31.0 mol/kg). Integrated nitrate+nitrite deficits for each station are converted to integrated nTCO2 loss using nTCO2:nitrate+nitrite regressions observed in the Ross Sea (Figures 5c and 5d) . Mean transect integrated nTCO2 loss was estimated by linear interpolation between stations. Mean integrated NCP were then calculated on a daily rate using an average time difference (in days) between repeat transects. NCP, net community production. Salinity effects were also considered by normalizing TCO 2 to a constant salinity of 35 to remove the potential effects of ice melt/formation or evaporation/precipitation. We found little difference between NCP estimates calculated from TCO 2 or salinity-normalized TCO 2. The phytoplankton community was dominated by noncalcifying organisms such as P. antarctica and diatoms. No alkalinity changes characteristic of calcification were observed in the polynya (Figures 5c and 5d) , and we assumed that calcium carbonate production had an insignificant effect on CO2 species and estimates of NCP. Finally, we accounted for the potential contribution of air-sea gas exchange of CO2 on TCO 2 changes. On transect t, we assumed that gas exchange of CO 2 was negligible because the presence of thin ice provided a barrier to gas exchange. On transects 2-5 we assumed that gas exchange of CO 2 occurred during open water conditions. Mean winds during the sampling period were -5-10 m s -•, and the average difference between atmospheric and surface pCO 2 (i.e., ApCO2) was about -tOO _+ 30 tzatm (Figure 3d ). Gas exchange of CO 2 was directed from atmosphere to ocean, and we calculate that the flux of CO2 was probably in the range of 4 to 26 mmol CO2 m -2 d-• (see Table   At for further details on the calculation). It should be noted that the range in values reflects uncertainties in CO 2 gas exchange; we have therefore used two different gas exchange formulations [Liss and Merlivat, 1986; Wanninkhof, 1992] 
where u is wind speed at 10 m above mean sea level. The upper limit is based on the equations of Wanninkhof [1992] , which were based on a quadratic dependency between wind speed and transfer velocity:
